We explore a gedanken-model for cosmic evolution, where dark matter is strongly self-interacting and stays in a plasma state until late stages. After decoupling it condensates to super-structures with cosmic voids similar to current picture of the universe. With the help of the equation of state of dry foam (equivalently a fluid with voids in it) from fluid mechanics it is possible to show that tension within these cosmic walls due to their binding interaction may cause accelerated expansion in the absence of dark energy.
Strongly favored by cosmological data, ΛCDM -the standard model of cosmology-still lacks convincing explanations to its two well-known setbacks: (i) the fine-tuning problem; the low but nonzero value of the observed vacuum energy density in comparison to the prediction coming from quantum field theory [1] and (ii) the coincidence problem; the surprisingly close present values of energy densities for matter and dark energy components in the cosmic fluid, a problem which implies that we live in a very special era in the cosmic life-time [2] . One can argue whether those problems are relevant from a cosmological point of view or not [3] , however it is still reasonable to invert this set of problems in an attempt to make sense of the cosmic puzzle of acceleration: It would be pleasing to come up with a cosmic scenario, where there is no dark energy and the acceleration of the universe is triggered by an event that took place in the recent cosmic history.
Cosmic-scale events that we can attribute to late time evolution are scarce and they are mostly related to structure formation. The first stars are born around z∼15 [4] , causing a reionization period, an effect that we can single out from cosmological observations. A period of nonlinearization and cosmic structure growth, which can be regarded as a still ongoing process, follows reionization. A hierarchy of structures is pretty much observable to our instruments, starting from galaxies, that form into clusters and further superstructures and voids of various sizes between them. Distribution of dark matter (DM) is not far from the visible one, according to the weak lensing observations that give large scale distribution of this mysterious component of cosmic fluid [5] .
Deviating from cosmological principle and taking this inhomogeneity into account to see if it can be an explanation to observed cosmic acceleration is not a new idea among cosmologists. There is a fair amount of work which argues that backreaction of matter inhomogeneity may be the reason of the observed acceleration [6] . Einstein's field equations can be solved in a perturbed background as well and the deceleration parameter that is also weakly dependent on space in addition to its usual time dependence can be served as an alternative [7] .
But the fact that the universe is not exactly homogeneous or isotropic does not disclaim the idea that the universe is still at least statistically homogeneous and isotropic at large scales; the probability of deviating from average density is the same for the whole space. It is fair to assume that the cosmic structure/fluid follows a similar void-filament pattern everywhere in the universe. At this point it is also fair to ask the following question: Is it possible to propose a cosmic fluid whose inhomogeneous nature is implicitly given in its equation of state; and to solve Einstein's equations implementing such a fluid in a Friedman-Robertson-Walker (FRW) setting?
Fortunately, such an equation of state was proposed previously in the context of fluid dynamics for dry foam (bubbles with ideal gas in them); a fluid consisting of walls and voids [8] :
Here p and V are the total pressure and volume of the system, σ is the surface tension on the bubble surfaces, A is the total area of the interfaces between bubbles, N is the number of ideal gas particles, T is the temperature and k is the Boltzmann constant. If we adapt this model to cosmology, we may assume that almost all matter is concentrated in thin walls of structure and T ∼ 0. So, it is possible to come up with a negative pressure term in the form of tension in structure walls,
We can think of this tension as the repelling part of gravity, since pressure counterintuitively contributes to attraction in general relativity. The term "σA/V " can be treated as the surface energy per volume and will be denoted by ρ s from now on. If we solve Einstein's equations with (2) for the spatially flat case of the FRW metric, the deceleration parameter takes the form,
where ρ c is the critical density. One can easily see that if ρ s = ρ c , i.e. all energy density in the universe is in the form of surface energy, we recover q = − , the value for a universe dominated by cosmic branes. If we move on without introducing any exotic component like dark energy or cosmic branes, it is convenient to interpret this tension energy as Newtonian gravitational potential within DM structure. Assuming that we have sheets with uniform mass density, we make the estimation,
where U is the gravitational potential energy, σ s is the surface mass density and G is the gravitational constant. We assume that the voids are almost empty, so
The important parameter, V /A, is the typical volume-to-surface area ratio for a cosmic void. Assuming spherical voids, this ratio is given by 2R/3, in terms of void radius R. A factor of 2 was introduced to avoid the doublecounting of interfaces. Rearranging terms we get the following equation for the deceleration parameter:
Let us calculate the term with the negative sign to see if it can sustain any acceleration. The Hubble parameter can be estimated as H ∼ 70 km/s/Mpc [9] and the average void radius from surveys is R ∼ 100 Mpc [10] . It turns out that introduced contribution is only about 10 −6 . We can also calculate the necessary void size for acceleration (e.g. q = −1/2), which is about R ∼ 10
5
Mpc, bigger than the Hubble horizon itself.
It would be naive to expect a gravity-only tension within the cosmic structures to drive the cosmic acceleration. But we are well aware that gravity is not the only long-range interaction in the universe and it is actually the weakest by far. To assume that DM particles are not interacting with each other is still part of the benchmark cosmology but this assumption is being heavily argued lately [11] . Actually it is natural to think that DM particles should be interacting with each other in a yet unknown non-standard model mechanism, like every other particle in the universe does through some interaction other than gravity.
Once taking self-interacting DM models into account, we would like to rewind the cosmic movie to identify a past DM plasma stage where the universe was small and too hot for DM to sustain any structure. Such a cosmic dark plasma scenario was considered in the literature [12] , but there is no reason to expect such an era to take place before the photon-baryon decoupling. On the contrary, considering that DM is five times denser than the baryonic matter in the universe, it is possible that DM-plasma would decouple much later than photon-baryon plasma, depending on the type and strength of the DM self-interaction itself. Recent observations of early galaxies with no DM can be regarded as hints of yet uncoupled DM-plasma at that time [13] .
It is too early to speculate on the type or strength of the DM selfinteractions; we are still far from telling if they even exist. But we can lay down a framework for our cosmic scenario assuming that DM is selfinteracting:
First of all, the DM self-interaction should be strong enough -maybe on electromagnetic scale-to support high tensions that can cause negative deceleration. Secondly, formed DM structures should not be neutral, unlike structures bound under electromagnetism, or they should at least expose strong van der Waals type leaks, to reach intergalactic scales, like gravity does. Additionally, DM should stay in a plasma state up until late times, preferably a couple of redshifts late, in accordance with the beginning of acceleration epoch. Lastly, a fast condensation reminiscent of a phase transition or a more complex chemical interaction picture that results in strong bonds between DM-particles and substructures may be needed, in order to avoid pinching of the cosmic DM-filaments/walls.
An increased number of constraints in this case does not necessarily means that we are dealing with a more complex and fine-tuned model. One should keep in mind that models with dark energy still include dark matter, maybe an already self-interacting one. We have argued that if this interaction has certain properties, the apparent acceleration may be explained without the need for dark energy.
We depend on future observations to see if this mechanism is viable within a reasonable interaction picture. In the meantime, computer N-body simulations, running on different types of DM self-interaction models, would be the way to get the most out of this scenario and to see if a strong enough mechanism can be found to drop dark energy from cosmic picture; to be replaced with particle interactions, a more familiar and natural, less exotic concept.
